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Introduction
Vitamin D deficiency is a global concern, and its prevalence has 
increased rapidly among both children and adults during the past 
decade [1,2]. The high prevalence of vitamin D deficiency may be 
due to low skin exposure to ultraviolet radiation [3]. Unfortunately, 
vitamin D deficiency is a common health concern among Saudi 
children [4], as Saudi Arabia has unique conditions (e.g., high 
temperatures during the summer season) that influence vitamin 
D status, despite year-round sunny conditions [5]. Thus, the Saudi 
lifestyle typically involves large amounts of time spent in front 
of a computer or television, which can reduce the frequency 
of outdoor activities and result in limited sun exposure [6]. 
Furthermore, other major factors that drive vitamin D deficiency 
are low levels of sun exposure (i.e., insufficient outdoor activity), 
low levels of physical activity, and low dietary vitamin D intake 
[7]. Moreover, as vitamin D can be derived from sunlight (90%) 
and dietary intake (10%), vitamin D is recognized as the “sunshine 

vitamin”. Therefore, both individual and environmental factors 
can affect individuals’ exposure to sunlight, and limit their ability 
to endogenously produce vitamin D [8]. The present study aimed 
to examine the effects of physical activity, hot weather, and sun 
exposure on vitamin D status among children from Jeddah, Saudi 
Arabia.

Methods
This cross-sectional study evaluated vitamin D levels among 
healthy children between March and August 2015. The 
participants were 378 randomly selected boys and girls (187 girls, 
191 boys) who were 4-18 years old. All data were obtained via a 
self-administered questionnaire that evaluated direct and indirect 
measures of health and wellness, and was administered during 
an interview with the child and their family at an ambulatory 
pediatric clinic. Serum levels of 25-hydroxyvitamin D [25(OH)D] 
were measured at the same ambulatory clinic. The child’s parents 
or guardians answered all applicable questions for participants 
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who were 4-10 years old, and assisted with asking the children 
about their physical activity during school hours. Participants 
who were 11-18 years old answered all questions on their own.

The exclusion criteria were dietary or medical interventions; 
chronic illness; a history of cardiac, kidney, or liver diseases; a 
psychiatric condition; using vitamin D or calcium supplements; 
and insufficient data. Written and verbal consents were obtained 
from the parents before they completed the questionnaire. 
Ethical approval for this study was obtained from the Research 
Ethics Committee at King Abdul-Aziz University Hospital.

The questionnaire
The questionnaire included two parts that evaluated physical 
activity and sun exposure. Physical activity was evaluated using 
questions and self-evaluation regarding the type, frequency (daily, 
weekly, monthly, or rarely), and duration (30 min, 1 h, and >1 h) 
of each exercise. Sun exposure was evaluated using questions 
regarding the duration of daily sun exposure (min per day) and 
the percentage of the body surface that was exposed (based on 
the child’s daily clothing habits). For body surface exposure, we 
estimated 5% for face and hands; 10% for hands, arms, and face; 
and 20% for hands, arms, face, and feet.

Vitamin D status
Blood samples were collected by laboratory technicians, and 
serum levels of 25(OH)D were measured at the King Abdul-Aziz 
University Hospital laboratory (Jeddah, Saudi Arabia). The normal 
range for vitamin D was defined as 50-75 nmol/L, deficiency was 
defined as <25 nmol/L, insufficiency was defined as 25-50 nmol/L, 
and elevated levels were defined as >75 nmol/L.

Statistical analysis
Data were entered, coded, and analyzed using SPSS software 
(version 16; SPSS Inc., Chicago, IL). The frequencies and 
percentages of physical activity and sun exposure were reported 
using descriptive statistics. We analyzed the differences in vitamin 
D levels using one-way analysis of variance for the categories 
of physician activity, sun exposure, and body surface exposure, 
based on the assumption of normal distribution. Differences 
were considered statistically significant at a p-value of < 0.05. 

Results
This study included 378 children (183 girls, 191 boys), with a 
mean age of 9.4 years (95% confidence interval: 9.3-9.5 years). 
Among all the children who were screened, 51.4% exercised 
regularly and 48.6% did not. Therefore, we divided the children 
who exercised regularly into three groups according to exercise 
frequency: once per week (22.7%), 2-3 times per week (38.7%), 
and >3 times per week (38.7%). The lowest vitamin D level (25.70 
nmol/L) was observed among children who exercised once per 
week, and the highest level (28.10 nmol/L) was observed among 
children who exercised >3 times per week (Figure 1).

Among a subgroup of 306 children with complete sun exposure 
data, 222 children (72.5%) reported being exposed to the sun and 
84 children (27.5%) reported no exposure. Most of the children 
who were exposed to the sun reported that they only exposed 
their face and hands (42.4%); 31.6% of the children exposed their 
face, hands, and arms; and 25.0% of the children exposed their 

face, hands, arms, and legs (Figure 2). The children who had the 
greatest body surface exposure also had the highest vitamin D 
levels (28.5 nmol/L) (Table 1).

The mean vitamin D levels were highest among children who were 
exposed to the sun during 7 AM-9 AM (27.84 nmol/L). However, 
the recommended time for sun exposure (10 AM-3 PM) had the 
lowest vitamin D levels (25.5 nmol/L), which may explain the 
relatively low vitamin D levels in most of the participants. There 
was no evidence to suggest a significant relationship between 
vitamin D level and the duration of sun exposure during the day, 
as all samples for the various periods had relatively low vitamin 
D levels. Furthermore, there was no correlation between low 
vitamin D levels and sex (185 girls [48.9%] and 186 boys [49.2%]).

Discussion
Vitamin D deficiency is common among Saudi children and 
adults. Therefore, the present study aimed to investigate the 
vitamin D status among children from Jeddah, and to examine 
the effects of physical activity and sun exposure on vitamin 

The lowest vitamin D level (25.70 nmol/L) was observed 
among children who exercised once per week, and 
the highest level (28.10 nmol/L) was observed among 
children who exercised >3 times per week.

Figure 1

The children who had the greatest body surface 
exposure also had the highest vitamin D levels (28.5 
nmol/L).

Figure 2
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D status. The main source of vitamin D is via skin synthesis in 
response to sun exposure. However, there are large numbers 
of children with vitamin D deficiency, even in countries with no 
seasonal differences in sunlight [9]. Interestingly, most vitamin 
D-deficient children do not perform physical activity (60.6%) and 
have no exposure to sunlight (57.5%) [7]. Furthermore, a study 
of 427 healthy Italian adolescents reported that low levels of 
sun exposure, performing outdoor physical exercise <3 times per 
week, and excess weight affected vitamin D status [8]. 

The weather in Jeddah is hot and humid throughout the year, 
and the air temperature ranges from 36°C to 46°C (average: 
42°C). Thus, children remain indoors (e.g., watching TV and 
playing computer games) to avoid the heat and sun exposure. 
The avoidance of sunlight may also be related to concerns 
regarding skin damage and health. This may explain why the 
children in the present study exhibited reduced outdoor physical 
activity levels. Similar findings and reasons have been reported 
for Malaysian children (402 boys and girls, 7-12 years old), and 
the authors reported that the parents were concerned regarding 
their children’s safety and did not allow them to play outside the 
home [7]. Thus, decreases in sun exposure and outdoor activity 

are observed in the summer, with increases observed during the 
winter and spring [10]. 

A cross-sectional study evaluated 331 healthy Saudi boys and 
girls (6-17 years old) from the middle of Saudi Arabia, and found 
that physically inactive children with no sun exposure had lower 
vitamin D levels than physically active children with sun exposure 
(16 nmol/L vs. 22.4 nmol/L, respectively) [1]. Another Arabic 
study collected data during different seasons from 3 private 
schools, with 169 participants in the spring, 177 participants in 
the fall, and 83 individuals who participated in both seasons. 
The results revealed that girls had lower vitamin D levels during 
both seasons (vs. boys), which may be because girls covered their 
body more than boys (32% vs. 9% in spring and 7.5% vs. 0% in 
fall, respectively). Furthermore, 52% of the children had vitamin 
D insufficiency [9]. A cross-sectional study in Qatar (which has 
similar weather) evaluated a random sample of 458 children (228 
boys and 230 girls; <16 years old) who visited primary healthcare 
centers, and found that the prevalence of vitamin D deficiency 
among the children was 68.8%, which was likely due to the high 
temperatures limiting sun exposure [11].

Overweight children also have a high risk of vitamin D deficiency, 
due to increased deposition of vitamin D in their fat, which 
decreases its bioavailability [12]. Furthermore, exercise 
significantly affects vitamin D status by increasing skin exposure 
to sun light and decreasing body fat [13]. Nevertheless, the 
traditional bulky Muslim garments that are worn in Saudi Arabia 
and other Middle Eastern countries may restrict outdoor physical 
activity (especially for girls), and increase the risk of vitamin D 
deficiency. 

Conclusion
We observed a high prevalence of vitamin D deficiency among 
otherwise healthy children in the present study. Limited sun 
exposure and outdoor physical activity of <3 times per week 
affected vitamin D status. Therefore, measures are needed to 
improve the awareness of children and their parents regarding 
the benefits of exposure to sunlight, and particularly regarding 
an appropriate level of body surface exposure. Furthermore, the 
promotion of a healthier lifestyle that involves regular outdoor 
physical activity is important for maintaining vitamin D levels. 
Moreover, we recommend routine screening for vitamin D status, 
and supplementation for children who have a high risk of vitamin 
D deficiency.

Variables N Percentage

Mean 
Vitamin 
D level 
(nmol\L)

P-value

Body surface exposure
Face and hands 122 42.4% 26.4

0.238
Face, hands, and arms 91 31.6% 26.7
Face, hands, arms, and legs 72 25.0% 28.4
Other 3 1.0% 18.1
Period of sun exposure
7 AM – 9 AM 127 49.2% 27.8

0.398
10 AM – 3 PM 63 24.4% 25.5
3 PM – 5 PM 34 13.2% 25.5
5 PM – 7 PM 34 13.2% 26.2
Duration of sun exposure
< 1 h 148 52.5% 27.6

0.483
1–2 h 81 28.7% 26.1
2–4 h 33 11.7% 27.6
> 4 h 20 7.1% 24.6

Table 1 Vitamin D levels and the study variables.
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